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(— Abstract ) 


Previous researches have suggested that chronic inflammation plays a critical role in cancer pathogenesis as it has been 


assessed that underlying infections and inflammatory responses have been associated with 25% of all cancer cases, whereas 
the inflammatory microenvironment is an essential component of all tumors. Moreover, some of the molecular mechanisms 
that link the mentioned association have been clarified. Cancer pathogenesis has been associated with physical mutations 
and environmental factors, whereas a limited rate has been associated with germline mutations. The special role of 
environmental factors in cancer pathogenesis has been associated with diverse types of chronic inflammation. It has been 
recorded that 30% of cancer cases can be attributed to smoking and inhaled pollutants, such as asbestos and carbon dioxide 
silicon, 20% are associated with chronic infections, and 35% are related to nutrition factors. Common bacterial and viral 
infections increase the risk of cancer development, however smoking acts as a promoter due to its ability to cause chronic 
inflammation. Similarly, advanced age and cellular senescence has been recorded to have the same role, as cancer 
pathogenesis promoters, because act through inflammatory mechanisms. Cellular senescence and damaged DNA 
accumulation are able to enhance chronic inflammation which promotes tumorigenesis. Inflammation-induced cancer 
contributes to tumor development through different pathways, such as epigenetic alterations and subsequent inappropriate 
gene expression, gene instability induction, increased proliferation and resistance to apoptosis of the initial cells, immuno- 
suppression, induction of tumor angiogenesis, tissue remodeling, and eventually development of metastasis. 
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Abbreviations: TIL: Tumor-Infiltrating Lymphocytes, NPN: Neutrophils Polymorphonuclear, BMC: Bone Marrow Cells, 
NK: Natural Killer, MHC: Major Histocompatibility Complex, iNOS: Inducible Nitric Oxide Synthase, AP: Protein- 


oe ROS: Reactive Oxygen Species, RNI: Reactive Nitrogen Intermediates, Cy: Cysteine Residues, MDSC: a 


www.acquirepublications.org/JCRMH 


Journal of Case Reports and Medical History 


Myeloid-Derived Suppressor Cells, VCAM: Vascular Cell Adhesion Molecule, CAF: Cancer-Associated Fibroblasts, cHL: 
Classic Hodgkin Lymphoma, EGFR; Epidermal Growth Factor Receptor, SDF: Stromal Cell-Derived Factor, RHD: Rel 
Homology Domain, ERG: ETS-Related Gene, IKK: IKB Kinase, MT: Metallothionein, AOM: Azoxymethane, DSS: Dextran 


Sodium Sulfate, HCC: Hepatocellular Cancer, LPS: Lipopolysaccharide 


Introduction 


Cancer is the 2" leading cause of death worldwide after 
cardiovascular diseases and is responsible for high rates of 
morbidity and mortality [1]. 

Cancer risk factors include advanced age, male gender, 
cigarette smoking, genetic predisposition, exposure in 
inhaled particles, pollutants and gases, whereas in its 
pathogenesis are implicated pre-existing diseases such as 
chronic obstructive pulmonary disease, chronic pancreatitis, 
chronic hepatitis, ulcerative colitis, etc. Those findings 
resulted in the hypothesis that the systematic chronic 
inflammation may be involved in cancer initiation and/or 
promotion, as it is possible to enhance cell proliferation and 
mutagenesis, reduce adaptation to oxidative stress, promote 
angiogenesis, inhibits apoptosis and increases secretion of 
inflammatory mediators [2]. Chronic inflammation seems to 
play a critical role in tumorigenesis, as mentioned. In 
response to injury, a complex integrated system of 
mechanisms is activated to eliminate the stimulus, repair 
damaged tissue, and promote wound healing through 
measured and organized cellular proliferation. Under normal 
circumstances, this host’s physiological response recedes 
once repair is completed. However, in case that usually 
tightly regulated self-limiting mechanism becomes disturbed, 
a state of chronic inflammation may result [3]. 

Inflammatory cells are implicated in cancer pathogenesis, 
whereas it has been observed that tumors often are infiltrated 
by inflammatory cells derived from the bone marrow, that 
have an active role in cell invasion-infiltration, angiogenesis, 
lymphangiogenesis and its metastatic spread. Tumor’s and 
host’s inflammatory, endothelial and parenchymal cells 
interact via contact with integrins, cytokines and chemokines 
contributing to the disease progression [4]. 

Virchow [5] first suggested the association between 
inflammation and neoplasia as observed that cancer seemed 


to occur at previous chronic inflammation locations. The 


initial suggestion that tumor-infiltrating lymphocytes (TIL) 
may represent an expression of anti-tumor activity was 
supported by evidence linking TIL with improved prognosis 
in solid cancers [6,7]. Previous and recent reports 
accumulated data to support the hypothesis that organs 
affected by chronic inflammation provide the perfect 
microenvironment in which an abnormal clone or clones of 
cells are able of evading detection by the host immune system 
and proceed to invasive carcinoma.The current review 
provides data concerning the role played by chronic 
inflammation in carcinogenesis. 

Carcinogenesis induced by Chronic Inflammation Cells 
Chronic inflammation can contribute to cancer development 
and progression, as associations have been recorded between 
inflammatory diseases and cancer, such as the infection with 
HBV /HCV viruses and hepatocellular carcinoma, chronic 
reflux esophagitis in Barrett's esophagus and esophageal 
cancer [8], Crohn's disease/ulcerative colitis and colon 
cancer, the infection of the cervix by HPV virus and cervical 
cancer [9] chronic pancreatitis and pancreatic cancer [10], 
chronic prostatitis and prostatic cancer, despite the fact that 
the latter relationship is unclear and controversial [11]. 
Carcinogenesis induced by chronic inflammation could be 
attributed to dysregulation of the immune system and 
autoimmunity, as in inflammatory bowel disease which 
increases the risk for colon cancer [12]. However, there are 
inflammatory diseases such as psoriasis which do not increase 
the risk of cancer development [13]. 

Cancer-induced inflammation differs from chronic 
inflammation that results in cancer development. Almost all 
solid malignancies characterized by an internal inflammatory 
reaction that produces a pro-tumorigenic microenvironment 
[14]. Based on continuous cellular renewal and the 
proliferation induces from tumor-associated inflammation, 
tumors have referred to ‘'as wounds that do not heal’’ [15]. In 
fact, it is a disturbed wound healing and regeneration 


response of tissue observation based on the finding that 
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oncogenes such as V-Src or K-ras presuppose the presence of 
injury and tissue regeneration to induce cancer in adult 
experimental animals [16]. 

The tumor microenvironment consists of innate immune cells 
such as neutrophils polymorphonuclear (NPN), lymphocytes, 
macrophages, suppressor bone marrow cells (BMC), adaptive 
immune cells, such as B- and T-lymphocytes, dendritic cells 
and natural killer (NK) cells, as well as malignant neoplastic 
cells and their environment substrate, consisting of 
fibroblasts, endothelial cells, pericytes and mesenchyme cells 
[17]. Those cells communicate and they interact with each 
other and through production growth factors, cytokines and 
chemokines affect the tumor development. Through those 
effects the tumor microenvironment determines whether the 
inflammatory response will promote tumorigenesis or 
whether immunity will be established against it [18,19]. After 
tumor establishment the type of inflammation will promote 
its development. It is possible that the inadequate antitumor 
immune response is due to the ability of cancer cells to escape 
from immune cells in combination with the undifferentiated 
nature of cancer cells [20]. 

In addition, the inflammatory reaction related with tumor is 
characterized by pro-inflammatory and anti-inflammatory 
signals that allow the tumors to grow and escape the immune 
surveillance [21]. It is considered that inflammation, tumor 
progression and immunity against it co-exist in different 
sections in its progression pathway, and those environmental 
and micro-environmental conditions determine the balance 
between them [22,23]. The majority of tumors is 
characterized by leukocytes infiltration, varying in 
composition and distribution, that is implicated in 
carcinogenesis, tumor development, invasion and metastasis. 
In the tumor microenvironment are mainly observed 
macrophages associated with the tumor (TAMs) and T-cells 
that constitute the most important factors of inflammation and 
cancer as well as an important source of cytokines [14,24] 
TAMs mainly promote tumor development and maybe they 
are essential for angiogenesis, invasion and metastasis [25]. 
In particular, macrophages are distinguished into M1 and M2 
types [24], activated by IFN-y, microbial products, and 
cytokines and express high levels of pro-inflammatory 


cytokines, such as TNF-a, IL-1, IL-6, IL-12 or IL-23, 


molecules of the major histocompatibility complex(MHOC), 


inducible nitric oxide synthase (iNOS), and are able to 
destroy pathogenic and contribute to anti-cancer immune 
responses [24]. M1 macrophages, activated by IFN-y and 
bacterial products, express high levels of pro-inflammatory 
cytokines (TNF-a, IL-1, IL-6, IL-12 or IL-23), MHC 
molecules and iNOS and are capable of killing pathogens and 
priming anti-tumor immune responses. Conversely, M2 or 
“alternatively” activated macrophages, which are induced in 
vitro by IL-4, IL-10 and IL-13, down-regulate MHC class I 
and IL-12 expression and show increased expression of the 
anti-inflammatory cytokine IL-10, scavenger receptor A, and 
arginase. Most TAMs are considered to have an M2 
phenotype whereas promote tumor angiogenesis and tissue 
remodeling [24]. However, most confirmed tumor-promoting 
cytokines are “M1 cytokines”, whereas IL-10, an M2 
cytokine, may be tumor suppressive as shown in colorectal 
cancer. Furthermore, unlike Th (helper)1 and Th2 cells, M1 
and M2 macrophages are plastic and their phenotype is 
defined by their gene expression prolife rather than by 
deterministic differentiation pathways and lineage choices 
[18,26]. 

Similarly, T-cells exhibit both tumor suppressor and tumor- 
promoting action [19]. Their deficiency or the disruption of 
specific cytotoxic mechanisms can make experimental 
animals more susceptible to spontaneous or chemical 
carcinogenesis [27]. However, many of T-cells subsets 
present in solid tumors participate in the promotion, 
progression of the tumor or metastasis, including CD8+ T- 
cells [28], Th1-cells [29], Th2-cells [30] and Th17-cells [31]. 
The NK cells are the only type of inflammatory cells that have 
no pro-tumorigenic role. Similar to TAMs, tumor promoters 
functions of T-lymphocytes are mediated by cytokines, 
whereas cytokines and cytotoxic mechanisms mediate the 
anti-tumorigenic functions of T-lymphocytes [27]. 

In addition, mast cells and B-lymphocytes contribute to tumor 
growth and the conventional macrophages and dendritic cells 
are important for antigen-presentation and T-cell activation 
during immunity against the tumor as well as for the cytokine 
production and inducing immune-suppression in established 
tumors [32]. 


Tumor development is supported by macrophages, mast cells 
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and NPNs resulting in up-regulation of non-specific pro- 
inflammatory cytokines such as INF-y, TNF-a, IL-1la, IL-1b 
and IL-6 [33,34]. Especially, NPNs influence oncogenesis as 
act as tumor promoters and suppressors, depending on their 
differentiation state [35]. Critical regulators, such as the 
transcription factor NF-kB, STAT and SMAD, protein- 
activator-1 (AP-1), caspases, and cytokines are able to control 
immune and inflammatory environment through anticancer 
immunity (IL-12, IFN-y, TRAIL) or to enhance tumor 
progression (IL-6, IL-17, IL-23) and have also direct effects 
on survival and development of cancer cells (TRAIL, IL-6, 
FasL, TNF-a, EGFR ligands, TGF-b) [18]. 

Inflammation mechanisms fight pathogenic factors and result 
in healing of injured tissue. However, an unresolved 
inflammation leads to loss of balance between two 
biologically opposing arms of acute inflammation, ‘Yin’ 
(tumoricidal) and ‘Yang’ (tumorigenic) processes that cause 
disruption of protective mechanisms of immune system [36]. 
That inflammation type due to any failure of accurate control 
of the immune response may continue to disrupt the cellular 
micro-environment, leading to genes alterations related to 
cancer and post-translational modifications in critical proteins 
of cell cycle signaling pathways, DNA repair and apoptosis 
[37]. 

Similarly, the activated NF-kB factor is one of the main links 
between inflammation and tumorigenesis and seems to allow 
pre-neoplastic and malignant cells to escape apoptosis. 
Chronic inflammation can result in genetic alterations 
through molecules such as cytokines, chemokines, the NF-kB 
factor, and prostaglandins [38]. 

Inflammatory response often is followed by an increased 
production of reactive oxygen species (ROS) in tissues [39], 
that is possible to alter the signal transduction cascades and 
induce transcriptional alterations in factors, such as NF-kB, 
NF-E2/rf2 or Nrg2 (nuclear factor erythroid 2/ related factor 
2) and in API factor, which mediate immediate responses in 
cellular stress [40,41]. ROS and reactive nitrogen 
intermediates (RNIJ), can act directly or indirectly, through 
reactions with other chemicals or structural components of 
cells, whereas their derivatives can also activate NF-kB 
factor, leading to production of others pro-inflammatory 


cytokines which in tur they enhance inflammation and 


therefore more production of ROS as well as recruit others 


inflammatory cells with secondary enhancement of tissue 
damage [42]. 

Activated inflammatory cells also act as ROS and RNI 
sources and are able to induce DNA damage and genomic 
instability. ROS-induced DNA damage may result in 
disruption or induction of transcription, transcription errors, 
genomic instability, proto-oncogenes activation, tumor 
suppressor genes inactivation and mitochondria oxidative 
damage, processes related with carcinogenesis [43,44]. 
Inflammatory cells may use cytokines, such as TNF-a to 
stimulate the accumulation of ROS in neighboring epithelial 
cells and to secrete a large amount of chemokines that 
promote the production of neoplastic cells, except autocrine 
growth factor production from the tumor cells themselves. 
Proinflammatory cytokines through activation of protein 
kinase signaling affect cells of the immune system resulting 
in ROS and RNI production. Therefore, TNF-a increases 
ROS generation by NPN and other inflammatory cells [45]. 
ROS are produced by mitochondria, the CytP450 and 
peroxisomes [42] and under normal conditions there is a 
constant endogenous production of reactive ROS and RNI 
that interact as signaling molecules involved in cellular 
metabolism, cell cycle and intercellular communication 
pathways. The balance between the beneficial and/or of 
damaging effects of ROS is a critical event in living 
organisms as homeostasis redox is, in vivo, the main 
protective process from cell death [46]. 

Protective molecules and systems, known as ‘antioxidants' 
defenses' are responsible for controlling of the balance 
between production and removal of ROS and RNI [47]. 
Oxidative stress occurs in case the production of ROS and 
RNI in a system exceeds the system's ability to neutralize and 
eliminate them [48]. Under oxidative stress conditions ROS 
and RNI act as toxic substances that can react with proteins, 
carbohydrates and lipids leading to subsequent alterations in 
intra-cellular and in intercellular homeostasis, resulting in 
possible cell death and regeneration. The cells could react 
either through amplification of their antioxidant potential or 
through activation of the caspases system that can induce 
programmed cell death-apoptosis [46]. 


The failure of the above pathways and due to the effect of 
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ROS and RNI in the cell nucleus, the possibility of causing 
mutation through oxidation, nitration, halogenation of 
nuclear DNA, RNA and lipids is increased or may be 
mediated by ROS and RNI products as well as proteins, 
carbohydrates and lipids that can generate complexes with 
DNA. ROS can also increase the expression of transcription 
factors, such as c-fos, c-jun and oncogenes involved in 
neoplastic transformation [42]. 

Therefore all these factors are possible to act as initiators and 
promoters of carcinogenesis through the direct increase of 
proliferation of epithelial cells [49,50]. 

The role of cytokines and chemokines in inflammation 
and cancer 

Inflammatory or pro-inflammatory cytokines are signaling 
molecules secreted from immune cells like Th cells and 
macrophages, and certain other cell types that promote 
inflammation. Different cytokines can either promote or 
inhibit tumor development and progression, regardless of 
their source [18]. Through activation of various downstream 
effectors, such as NF-«B, AP-l, STAT and SMAD 
transcription factors, as well as caspases, cytokines control 
the immune and inflammatory microenvironment to either 
favor anti-tumor immunity (IL-12, TRAIL, IFNy) or enhance 
tumor progression(IL-6, IL-17, IL-23) and also have direct 
effects on cancer cell growth and survival (TRAIL, FasL, 
TNF-a, EGFR ligands, TGF-B, IL-6). 

Chemokines are soluble chemotactic cytokines that are 
divided into 4 categories based on positions of the basic 
cysteine residues (Cys) and are C, CC, CXC, CX3C. Previous 
studies have shown the involvement of those proteins and 
their receptors in cell proliferation, migration, invasion, 
metastasis and angiogenesis in various tumors as well as in 
cellular uptake, immigration and in regulation of leukocyte 
recruitment and trafficking to inflammation locations [33,51]. 
Cytokines and chemokines are involved in many aspects of 
growth, differentiation and cell activation. Main cytokines 
play some role in the activation or regulation of the 
inflammatory response and that contribute in some way to the 
process of tumorigenesis. Chemokines are key players of the 
cancer-related inflammation, whereas their respective 
receptors and ligands are the downstream genetic events that 


cause neoplastic transformation and which are abundantly 


expressed in chronic inflammation, increasing susceptibility 


to cancer. The components of the chemokine system affect 
different routes of tumor progression, including leukocyte 
recruitment, neo-angiogenesis, proliferation, survival, 
invasion, and metastasis of tumor cells [51]. Preclinical and 
clinical trials indicate that the intervention in the chemokine 
system can be a valuable tool for the development of future 
therapeutic strategies against cancer [52]. 

A similar circuit can be executed by myeloid-derived 
suppressor cells (MDSC) that produce arginasel and 
indoleamine-2,3-dioxygenase, which are enzymes that 
decrease anti-tumor immunity through interference with T 
cell activation [53]. Taken together, tumor associated 
inflammation drives tumor growth, angiogenesis and can 
preserve itself through an extensive network of cytokines and 
chemokines, which are produced by immune, stromal and 
malignant cells in response to diverse signals. Given that 
several cytokines (IL-1, TNF, IL-6, IL-23) and transcription 
factors (AP-1, NF-«B, STAT3) are critical for both 
inflammation and tumor growth, they control hubs of pro- 
tumorigenic signaling that may be targeted to curtail both 
tumor associated inflammation and tumor growth [54]. 
Pharmacological interference with cytokine signaling 
decreases tumorigenesis as well as cancer growth [55-57] and 
may therefore serve as a basis for preventive and therapeutic 
approaches. Altogether, cytokine production by immune and 
inflammatory cells is an important tumor promoting 
mechanism that provides malignant cells with a continuous 
supply of growth and survival signals in an initially hostile 
microenvironment. In most cases, tumor promoting cytokines 
act in a paracrine manner, yet several types of cancer cells 
produce their own cytokines, including IL-6, to achieve the 
same effect [58]. 

The special role of TNF-a and other cytokines and 
chemokines in inflammation and cancer 

TNF-a, was identified as an anticancer cytokine, but when 
tested its anticancer effect in cancer cases, a paradoxical 
tumor-promoting role was recorded [59,60]. Currently the 
pro-inflammatory role of TNF-a has been associated with all 
stages that are involved in tumorigenesis including cell 
transformation [61], survival [62], tumor promotion [62,63], 


proliferation [33,63], angiogenesis [63,64], infiltration [65] 
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and metastasis [60,62,63,66]. It has also recorded that TNF-a 
is produced by a wide variety of cancer cells, such as in B- 
lymphomas, megakaryoblastic leukemia, breast, colon, lung, 
pancreas, ovaries cancer, etc. [51]. In addition, Rossi et al. 
[67] found that TNF-a could increase the invasiveness of 
melanoma cells, and Tan et al. [68] found that TNF-o could 
be a potential therapeutic target for hepatocellular carcinoma. 
TNF-a also can be used to predict the occurrence and 
recurrence of liver cancer [69]. 

When TNF-a is locally expressed by the immune system cells 
has therapeutic role. However, when it is deregulated and 
secreted in blood circulation can participate in a wide 
diversity of diseases, including cancer [70]. Various 
interleukins have been linked to inflammation and the 
subsequent development of cancer including IL-1, IL-6, IL-8 
and IL-17. It appears that they mediate different stages in the 
pathway leading to carcinogenesis. 

IL-1 is a cytokine of the chemokine family and is produced 
primarily by macrophages. Under normal physiological 
conditions, IL-1 has an anti-tumor effect, but when the body 
is in persistent chronic inflammation, IL-1 has a tumor- 
promoting effect, at which time IL-1B supports tumor 
development[71,72]. IL-1 is involved in the angiogenesis and 
proliferation of cancer cells, which may promote the 
development of cancer [73,74]. IL-1 also can promote the 
expression of vascular cell adhesion molecule-1(VCAM-1), 
thereby promoting adhesion and metastasis of cancer cells 
[75]. Han et al. [76] recorded that IL-1 is implicated in the 
invasion of gastric cancer in a mice model. 

So far, the IL-1 family has 11 members, but the most 
important ones are IL-lo and IL-1. IL-1a is also expressed 
by normal tissues and diverse tumor cells, is a regulatory 
cytokine that can induce the activation of NF-«B and AP-1 
transcription factors and can promote various genes 
expression implicated in cellular survival, proliferation and 
angiogenesis [77]. 

The most investigated subtype of IL-1 is IL-1B [78]. The 
study of IL-la is few, but it is also implicated in tumor 
progression and metastasis, which can activate NF-«B and 
promote tumor growth [79]. 

IL-1 is mainly produced by tissue macrophages, skin 


dendritic cells, and blood mononuclear cells. The biological 


activity of the IL-1B precursor is biologically active after 


being subjected to enzymatic treatment and is mainly present 
in the microcirculation system [80]. 

Similar to IL-la, the role of IL-1B has demonstrated in 
diverse human cancers in the stomach, cervix, pancreas and 
lung [33,51,81,82]. IL-1B also up-regulates HIF-1a (hypoxia- 
inducible factor-1 alpha) factor through the classical 
inflammatory signaling pathway involving NF-«B factor and 
COX-2, leading to the up-regulation of VEGF, that is 
required for tumor development and metastasis [83]. VEGF 
activation promotes blood vessel growth and _ provides 
nutrients for tumor growth [84,85]. At the same time, IL-1B 
can also induce chronic inflammation and activate blood 
endothelial cells, thereby promoting the invasiveness and 
metastasis of cancer cells [86]. IL-1B activates the NF-«KB 
signaling pathway of myeloid cell lines (MDSCs), and NF- 
«kB is a critical link between inflammation and cancer. 
MDSCs can secrete IL-6 and TNF-a, which can promote 
tumor growth [87]. When IL-1B binds to its corresponding 
receptors, it can activate MyD88 and IL-1 receptor-associated 
kinase-4 (IRAK4), which results in IRAK2 and IRAK1] 
phosphorylation and then activates NF-«B. Activated NF-kB 
can enter the nucleus and promote the transcription of some 
inflammatory genes [88]. 

In conclusion, the pro-inflammatory cytokine IL-1 is closely 
related to the occurrence, development, metastasis, and 
invasion of tumors, and may be used as a biomarker for tumor 
diagnosis and prognosis in the future. 

IL-5 promotes the invasion and metastasis of lung cancer and 
bladder cancer cells [89,90]. IL-6 is a protein of 184 amino 
acids with a molecular weight of 21-28 kDa [91]. IL-6 is 
mainly produced by macrophages, T-lymphocytes, B- 
lymphocytes, monocytes, and other cells [92]. It is a 
multifunctional pro-inflammatory cytokine that promotes 
tumor cell proliferation, invasion, and metastasis, inhibits 
tumor cell apoptosis, and promotes blood vessel growth [93]. 
IL-6 is implicated in inflammation-induced carcinogenesis 
[94], whereas its secretion is associated with multiple 
myeloma, Non-Hodgkin's lymphoma, renal cell carcinoma, 
bladder and colon cancer [33]. In addition it regulates the 
expression of genes implicated in the survival, proliferation, 


and angiogenesis, as mentioned, through the JAK - STAT 
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signaling pathway [18]. 

Especially, it mainly relies on the activation of multiple 
signaling pathways to participate in the development of 
tumors, such as the JAK2/ STAT3 signaling pathway, 
RAS/MAPK signaling pathway, and PI3K/AKT signaling 
pathway [95]. Upon binding of IL-6 to its receptor (IL-6R), 
GP 130 is activated to form a dimer, which induces JAK1 and 
JAK2 phosphorylation leading to STATI! and STAT3 
phosphorylation. Phosphorylated STAT3 can enter the 
nucleus and induce a variety of gene transcription, such as c- 
FOX, Bcl-2, IRF-1, etc., which are implicated in cell 
development, differentiation, inhibition of apoptosis, and 
promotion of vascular formation and cell adhesion [91,96- 
98]. STAT3 can also induce oncogenes that are associated 
with cell proliferation and metastasis. Moreover, IL-6 binds 
to IL-6R to activate the PI3K/AKT signaling pathway, which 
induces JAK and PI3K phosphorylation and activates AKT, 
to regulate several genes involved in cell survival [99]. 

In conclusion, IL-6 is implicated in the proliferation, 
metabolism, metastasis, invasion, and angiogenesis of 
various tumors and has been found to have high expression of 
IL-6 in various tumors, such as breast, colorectal, prostate, 
lung, and ovarian cancer. Xu et al. [100], suggested that 
serum IL-6 might be a potential biomarker for colorectal 
cancer and inhibitors of IL-6, IL-6R, GP130, JAK, and 
STAT3 may be targets for tumor treatment in the future. 
IL-8 is mainly produced by endothelial cells, epithelial cells, 
fibroblasts, etc., its active form is composed of 69,72,77, and 
79 amino acids, respectively, and has a molecular weight of 
about 8 kDa [101]. Their receptors are CXCR1 and CXCR2, 
and generally only undergoes biological function when it 
binds to a receptor. Yung et al. [102] found that IL-8 binds to 
CXCR2 and activates transforming factor-B-activating 
enzyme | (TAK1)/NF-«B signaling, which in turn increases 
the invasiveness of ovarian cancer cells. In another research, 
Sharma et al. [103] observed that IL-8 binds to CXCRI/ 
CXCR2 and indirectly promotes proliferation, angiogenesis, 
and invasion of cancer cells and promotes glioblastoma 
multiforme progression, and the level of IL-8 was higher and 
the patient’s prognosis was worse. Moreover, Zheng et al. 
[104] recorded that M2 macrophages produced IL-8, which 
activated STAT3 and phosphorylated it, leading to increased 


expression of lung adenocarcinoma transcript-1 that was 


associated with lung adenocarcinomas metastasis. 

IL-8 can induce PI3K phosphorylation and then can activate 
AKT phosphorylation, which in turn increases cancer cell 
survival, blood vessel development, and migration [105]. IL- 
8 also regulates survival, cell proliferation, and invasion by 
activating MAPK and ERK1/2 phosphorylation[105]. IL-8 is 
highly expressed in many types of cancers, such as lung, 
colon breast cancer, etc. [106], and is closely related to tumor 
invasion, development, and metastasis [107-109]. 

Moreover, is involved in proliferation, angiogenesis and in 
the metastasis of cancer cells in melanoma, ovarian cancer, 
astrocytomas, anaplastic astrocytomas and glioblastomas 
[33,110]. IL-11 is a stromal cell-derived cytokine, acts widely 
in hematopoietic and non-hematopoietic systems. It acts with 
IL-3 in shortening the Go period of early progenitors, 
facilitates the development of certain types of plasmacytoma 
and hybridoma cells, and megakaryocyte colony formation 
and maturation, and acts as an autocrine growth factor in 
megakaryoblastic cell lines. It is also responsible for 
erythrocytopoiesis stimulation, enhances antigen-specific 
antibody responses, induces acute phase proteins synthesis, 
inhibits lipoprotein lipase activity and adipocyte 
differentiation, and promotes neuronal development. Its 
receptor and signal transduction share partially those of IL-6 
[111]. 

Yang et al. [112] and Lay et al. [113] found that IL-11 is 
involved in the development of esophageal squamous cell 
carcinoma and endometrial cancer. 

IL-15 is a pleiotropic cytokine with many biological functions 
in many diverse cell types. It plays a critical role in the 
development of inflammatory and protective immune 
responses to microbial invaders and parasites by modulating 
immune cells of both the innate and adaptive immune systems 
[114]. It seems to be also a controversial cytokine that most 
researchers have found to show anticancer activity, however 
Gupta et al. [115] recorded that it promoted colonal expansion 
of B cell chronic lymphocytic leukemia. 

IL-17, also known as IL-17A, links T cell activation to NPN 
mobilization and activation, and can mediate protective 
innate immunity to pathogens or contribute to the 


pathogenesis of inflammatory diseases, such as rheumatoid 
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arthritis and psoriasis. Moreover, has an emerging role in 
periodontal disease pathogenesis, as evidence from human 
and animal model studies suggests that the net effect of IL-17 
signaling promotes disease development. In addition to 
promoting neutrophilic inflammation, IL-17 has potent pro- 
osteoclastogenic effects that are likely to contribute to the 
pathogenesis of periodontitis, rheumatoid arthritis, and other 
diseases implicating bone immunopathology [116]. 
Concerning its role in cancer, IL-17 acts as a growth factor in 
cutaneous T-lymphoma as well as an angiogenesis key 
regulator [117]. In addition, some researchers found that IL- 
17A can promote the formation of tumor blood vessels 
[118,119], thereby contributing to the proliferation and 
invasion of tumor cells. 

IL-23 is another tumor-promoting cytokine [120]. It is mostly 
expressed by TAMs in a manner dependent on STAT3 and 
NF-«B [121]. IL-23 blockade with neutralizing antibodies or 
genetic inactivation of the IL-23p 19 gene dramatically 
decrease tumor multiplicity and development in the two-stage 
model of skin carcinogenesis [120]. 

Partially, the pro-tumorigenic effects of IL-23 may be 
mediated by IL-17 and IL-22 production by Th17 cells, but 
other effects of IL-23 on CTLs, Tregs, and myeloid cells 
should be noticed. A close relative of IL-23 is IL-12, which 
shares with IL-23 the IL-12p40 subunit and is implicated in 
Th1 differentiation, IFN-y production, and activation of anti- 
tumor immunity [122]. Secretion of IL-23 and IL-12 are 
mutually regulated and the alteration from IL-12 to IL-23 
production may be an important tumor promoting event. 
STAT3 activation, ATP, PGE2, and lactic acid increase IL- 
23 production by TAMs [121,123]. The latter two agonists 
link cancer cell necrosis, induced by hypoxia or therapy, and 
the Warburg effect (the switch from oxidative 
phosphorylation to glycolysis) to IL-23 production, thereby 
shifting antitumor immunity to tumor promotion. 

Wang et al. found that IL-23 promotes the development of 
gastritis, which might lead to gastric cancer [124], and Li et 
al. found that IL-23 can also promote the metastasis of liver 
cancer [125]. IL-33 is a new member of the IL-1 superfamily 
of cytokines that is expressed by mainly stromal cells, such 
as endothelial and epithelial cells, and its expression is up- 


regulated following proinflammatory stimulation. It can 


function both as a traditional cytokine and as a nuclear factor 


regulating gene transcription. It is considered to act as an 
‘alarmin' released following cell necrosis to alerting the 
immune system to tissue damage or stress. IL-33 mediates its 
biological effects via interaction with the ST2 receptors (IL- 
1RL1)and IL-1 receptor accessory protein(IL-1RAcP), both 
of which are widely expressed, particularly by innate immune 
cells and Th2 cells. It strongly induces Th2 cytokine 
production from these cells and can promote Th2-related 
disease pathogenesis such as anaphylaxis, asthma, and atopic 
dermatitis. On the other hand, IL-33 has shown various 
protective effects in cardiovascular diseases such as 
atherosclerosis, cardiac remodeling, obesity, and type 2 
diabetes mellitus. Consequently, the effects of IL-33 are 
either proor anti-inflammatory depending on the disease and 
the model [126]. 

Concerning its role in cancer, IL-33 can inhibit the growth of 
lung adenocarcinoma [127], it is also involved in glioma cells 
invasion and migration [128], promotes the proliferation of 
colorectal cancer cells [129], and ovarian cancer [130]. 
Besides cytokines, chemokines are also implicated in the 
development of inflammatory tumors. CCL11 plays an 
important role in ovarian cancer cells proliferation and 
invasion [131], and glioblastoma progression [132]. It has 
been revealed that the CXCR2 chemokine receptor and its 
ligands promote leukocyte infiltration in the tumor 
microenvironment, and angiogenesis. In the tumor 
microenvironment acidic and hypoxic conditions, up- 
regulating the CXCR4 expression forms a gradient prepared 
by CXCL12 for migration of cancer-associated fibroblasts 
(CAF). The axis CXCL12-CXCR4 facilitates metastasis to 
distant locations and organs and the CCL21-CCR7chemokine 
ligand-receptor pair supports metastasis to lymph nodes. 
Those two chemokine ligand-receptor systems are main key 
mediators of tumor cell metastasis for several malignancies 
[133]. It has been observed that cancer cells secrete, or induce 
fibroblasts to secrete the CCL5 chemokine, that acts in an 
autocrine or paracrine manner on tumor cells, which express 
their receptor (CCR5). That pathway promotes tumor cells 
proliferation and recruitment of T-reg cells and monocytes to 
induce osteoclasts activation and bone metastases, by 


inducing neo-angiogenesis, and to facilitate tumor cells 
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spread in distant organs. It is considered that CCL5, produced 
by classic Hodgkin lymphoma (cHL) cells may represent an 
autocrine growth factor of the tumor cells by creating a 
microenvironment contributory to tumor progression, 
whereas CCL5 secreted by fibroblasts or T cells may 
represent a paracrine growth factor. TCD4+ cells expressing 
CD4O0L increase the secretion of CCL5 by cHL cells and 
induce secreting CCLS by fibroblasts, which promote 
activated fibroblasts recruitment by cHL cells, which in turn 
recruit T-reg cells, mast cells, and eosinophils [52]. 

It has been recorded that a chemokine of the CXC family, 
CXCL8, exercises its effects through signaling two G- 
coupled receptors, CXCR1 and CXCR2 protein. Elevated 
CXCL8 signaling-CXCR1/2 within the tumor 
microenvironment of diverse types of cancers promotes 
tumor progression through the activation of signaling 
pathways implicated in activation of survival, proliferation, 
angiogenesis, migration, and cell invasion, through the 
epidermal growth factor receptor transactivation (EGFR) 
[134]. 

Tumor angiogenesis and development stimulation, directly or 
indirectly through recruitment of TAMs, are typical 
conditions in which chemokines promote tumor 
development. On the other hand chemokines may be useful 
in cancer patients, as they act on the recruitment of dendritic 
or effector cells or in their vasostatic properties [135]. The 
CXCR4 and CCR7 chemokine receptors are expressed at high 
levels in breast cancer cells and its metastases, whereas 
CXCR 4 receptor and stromal cell-derived factor-1 (SDF 1), 
induce proliferation in ovarian cancer cells, and they are 
expressed at high levels in prostate cancer and melanoma[27]. 
In conclusion, chemokines and their receptors have a critical 
role in determining the metastatic destination of tumor cells. 
NE-«B pathway in inflammation and cancer pathogenesis 
Besides IL-1, IL-6, and IL-8, other pro-inflammatory 
biomarkers are also associated with the occurrence and 
development of cancer, such as TNF-a, TGF-B, BCA-1, etc. 
Those pro-inflammatory biomarkers generally promote the 
development of cancer by activating signaling pathways. 
The transcription factor NF-«B was discovered as a nuclear 
factor that binds to the enhancer element of the 


immunoglobulin kappa light-chain of activated B cells [136]. 


The next observation was that proteins which harbor this 


specific DNA binding activity are expressed in all cell types 
and regulate many target genes with a whole variety of 
functions [137]. 

Five members of NF-«B have been identified, designated as 
NF-«B1/p105, NF-«B2/p100, RelA/ p65, RelB and c-Rel, 
which can form various heterodimers or homodimers and 
bind to consensus DNA sequences at promoter regions of 
responsive genes. In contrast to the other family members, 
NF-«B1 and NF-«B2 are synthesized as pro-forms (p105 and 
p100) and are proteolytically processed to p50 and p52, 
respectively[138,139]. All members of the family form 
homo- or heterodimers and share some structural features, 
including a Rel homology domain (RHD), which is essential 
for dimerization as well as binding to cognate DNA elements 
[140]. 

Transcription factors NF-«B family has an essential role in 
inflammation and innate immunity. Moreover, NF-«B is 
increasingly recognized as a crucial factor in many stages of 
cancer initiation and progression [141]. NF-«B has been 
shown to be a linker of inflammation and cancer in mouse 
models [142]. 

NF-«B signaling pathway is activated by a number of stimuli, 
such as cytokines, and cooperates with multiple other 
signaling molecules and pathways. Prominent nodes of 
crosstalk are mediated by other transcription factors such as 
p53 and STAT3 or the ETS related gene ERG. Those 
transcription factors either affect NF-«B target genes or 
directly interact with NF-«B subunits. Crosstalk can also be 
observed through different kinases, such as GSK3-B, P38 or 
PIK3 which modulate NF-«B transcriptional activity or affect 
upstream signaling pathways. Molecules that act as nodes of 
crosstalk are ROS and miRNAs [143]. 

NF-«B is able to be activated by a number of stimuli, as 
mentioned, and more than 100 genes are induced on its 
activation [144]. The NF-«B signaling pathways [145] 
concern the classic pathway that is activated by inflammatory 
signals including TNF-a, IL-1, TLRs, NODs, viruses, and 
antigen receptors, resulting in the coordinated expression of 
multiple inflammatory and innate immune genes. Signal 
transduction pathways from receptors to NF-«B have been 


extensively investigated, and a number of adaptor molecules 
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are implicated in that process. The alternative pathway is 
strictly dependent on IKK-B homodimers and is activated by 
lymphotoxin B, B cell-activating factor belonging to the TNF 
family (BAFF), and CD40 ligand (CD40L). That pathway is 
important for survival of premature B cells and development 
of secondary lymphoid organs, however, may have a limited 
importance in inflammation-associated tumors. The classic 
NF-«B pathway activates the tripartite IKK complex, 
resulting in phosphorylation-induced I-«B degradation [145]. 
The classic IKK complex main components are I-«B-kinase- 
1 and the NF-«B essential modulator (NEMO) also known as 
inhibitor of NF-«B kinase subunit gamma (IKK-y). IKK-2, 
the essential kinase for the classic pathway, phosphorylates 
Ik-B, followed by ubiquitination and potential proteasomal 
degradation. Following I-«B degradation, NF-«B translocates 
to the nucleus, where it binds and activates «B motif- 
containing promoters. NF-«B classic pathway is responsible 
for the activation of the most predominant NF-«B dimer, 
p65:p50 [143]. 

Translocation of p65:p50 to the nucleus leads to the 
transcription of pro-inflammatory genes, such as cytokines 
(IL-1, IL-6, TNF-a, GM-CSF, IL-4), chemokines (IL-8, 
RANTES, macrophage inflammatory protein-1°, monocyte 
chemotactic protein-1), adhesion molecules (E-selectin, 
vascular cell adhesion molecule-1l, intercellular adhesion 
molecule-1), pro-angiogenic factors (VEGF), anti-apoptotic 
proteins (Bcl2, Bcl-XL, FLIP, cIAP) and inducible enzymes 
(COX-2, iNOS, MMP-9). Most of those genes overlap with 
the STATI and STAT3 target genes activated by 
inflammatory stimuli, as the promoter region of many of 
those genes contains GAS or ISRE sites (STAT-binding 
elements or IRF binding elements) in addition to kB (NF-KB 
binding element) regions [143,145]. 

Consequently, those target genes are often additively or 
synergistically activated in combination with NF-«B 
activating stimulation and STAT-activating cytokines. TNF 
signaling pathway is the substance of extensive cross-talk 
between apoptosis, NF-kB and JNK signaling[143,145]. In 
case of absence of NF-«B activity, cellular susceptibility to 
TNF-induced apoptosis increases,whereas the enforced 
activation of NF-«B protects against apoptosis. In addition, 


TNF-induced JNK activation is stronger and more prolonged 


in cells lacking NF-«B, resulting in apoptosis promotion 


[145]. 


Transcription factors NF-«B family has been revealed to be a 
critical factor in many stages of cancer pathogenesis 
including initiation and progression, cooperating with 
multiple other signaling molecules and cellular signaling 
pathways. NF-«B action is mediated by transcription factors 
such as p53 and STAT3 or the ETS-related gene (ERG), 
which directly interacts with NF-«B subunits or affects NF- 
kB target genes. Diverse kinases, such as p38, GSK3-f, or 
PI3K, are able to modulate NF-«B transcriptional activity or 
affect upstream signaling pathways. Other categories of 
molecules that can also act in the integration of those 
mechanisms implicating NF-«B are ROS and miRNAs [38]. 
NF-«B also regulates many cytokines expression and 
adhesion molecules which are critical components implicated 
in the immune responses regulation [146]. 

Inflammatory mediators such as interleukins, TNF-a, COX- 
2, 5-lipooxygenase (5-LOX) and MMP-9 are regulated by the 
factor NF-«B. Although NF-«B is expressed in an inactive 
status in many cells, the cancer cells express an activated form 
of NF-«B. That activation is induced by many inflammatory 
stimuli and carcinogens and the gene products regulated by 
NF-«B mediate tumorigenesis. NF-«B activity is triggered in 
response to infectious agents and pro-inflammatory cytokines 
through the IKB kinase (IKK) complex [147]. 

It seems that cigarette smoke that contains diverse 
carcinogens, that care able to initiate and promote 
carcinogenesis and metastasis, are also able to activate NF- 
«B factor in many cells and this may play a crucial role in 
smoking-induced carcinogenesis [148]. Its activation has 
been implicated in malignancies such as nasopharyngeal 
carcinoma and melanoma. Previous researches have recorded 
that cancer cells show an increase in pro-inflammatory 
cytokines production such as TNF-a, IL-la and IL-6. The 
regulation those pro-inflammatory cytokines expression 
involves the NF-kB factor that can be activated by cytokines 
such as TNF-a. It has been revealed that RET-mediated 
carcinogenesis depends significantly on IKK activity and 
subsequent NF-«B activation. The anti-apoptotic response 
and increased cellular proliferation found in neoplasms cells 


overexpressing metallothionein (MT) is also mediated by the 
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NF-«B signaling pathway [33]. 

NF-«B target genes have many functions and a close 
association between NF-«B and cancer has been extensively 
recorded [149-151]. An inflammation-dependent colon 
tumor-model inmice, in which tumors developed after a 
single dose of genotoxic colonic carcinogen, azoxymethane 
(AOM), followed by dextran sodium sulfate (DSS) was 
recorded[152]. In that model, IKK-B deletion in intestinal 
epithelial cells did not decrease inflammation, but rather, 
resulted in a dramatic decrease in tumor incidence without 
affecting tumor size [153]. On the contrary, IKK-f deletion 


in myeloid cells resulted in a significant decrease in tumor 
size. IKK-B deletion re-duces pro-inflammatory cytokines 


expression that may serve as tumor growth factors. 
Especially, IL-6 has been shown to be involved in tumor 
growth, whereas TGF-f has been shown to antagonize IL-6 
function [55]. 

Consequently, the IKK/NF«B pathway specific inactivation 
in both epithelial and inflammatory cells can attenuate the 
inflammation-associated tumors generation. 

An extra role of NF-«B in inflammation-associated cancer 
was also recorded in Mdr2- deficient mice, which develop 
cholestatic hepatitis followed by hepatocellular cancer (HCC) 
[154], as in that model, the inflammatory process triggered 
chronic activation of NF-«B in hepatocytes, most likely 
through the TNF-B enhanced production by adjacent 
inflammatory cells. NF-«B activity suppression in Mdr2-/ 
mice from birth to 7 months of age revealed no effect on the 
early stages of carcinogenesis. In contrast, NF-«B inhibition 
in tumor development later stages resulted in apoptosis of 
transformed hepatocytes and failure to progress to HCC. 
Consequently, NF-«B suppression in tumors, that was 
associated with TNF-B increased levels could induce cancer 
cells apoptosis. This is possibly because the caspase and JNK 
pathways downstream of TNF-R1 be-come predominant in 
the absence of NF-«B activation. 

NF-«B activation is also implicated in inflammation driven 
tumor progression, as confirmed in a syngeneic colon and 
mammary cancer xenograft mouse model [155]. After 
metastasized tumors were established, a sub-lethal dose of 


lipopolysaccharide (LPS) were given to the mice to get 


systemic inflammation, that stimulated tumor development. 


LPS-induced metastatic growth response was depended on 
both TNF-8 from host hematopoietic cells and NF-«B 
activation in tumor cells. Specifically, the NF-«B inhibition 
in cancer cells transforms the LPS- induced growth response 
to LPS induced tumor regression. The mentioned 
transformation was not dependent on TNF-a but on TRAIL, 
a member of the TNF superfamily, whose receptor is induced 
in NF-«B-deficient cancer cells by IFNs from host 
inflammatory cells [143]. Consequently, NF-«B inhibition in 
tumor cells in combination with IFN administration may 
promote the TRAIL activity to achieve enhanced tumor 
apoptosis. It is possible that the inhibition of NF-«B in both 
tumor and inflammatory cells seems to be an effective 
therapeutic way to prevent cancer progression. 

The activation and interaction between NF-KB and STAT3 
have been widely investigated in cancers such as stomach, 
liver, and colon cancers, and it has been observed that the 
interaction between those transcription factors is important 
for controlling the communication between inflammatory and 
cancer cells. NF-kB and STAT3 are the main factors that 
control the capacity of pre-neoplastic and malignant tumor 
cells to resist immune surveillance by regulating tumor 
invasion, angiogenesis and apoptosis. It is possible that the 
perception of the molecular mechanisms of NF-«B and 
STAT3 cooperation in cancer development will result in 
design of new chemopreventive and chemotherapeutic 
approaches [156]. 

Moreover, NF-«KB synchronizes the central signaling 
pathways of the innate and adaptive immune responses 
activation and that STAT3 regulates the various genes 
expression in response to cellular stimuli, playing an 
important role in cell development and apoptosis. It has also 
been revealed that STATS3 is constitutively activated in many 
cancers, including gastric cancer and is implicated in 
modulating proliferation, survival of cancer cells and creating 
a favorable microenvironment to the metastasis formation 


[157]. 


Conclusion 
Therefore, since so many inflammatory and _pro- 


inflammatory factors are associated with tumors, whether 
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these factors can be used as biomarkers for specific tumor 


prediction, prevention, and prognosis is worthy of further 


study. 


Conflict of interest and source of funding statement: The 


authors declare that they have no conflict of interest 


References 


1. 


10. 


11. 


WHO. (2012) Causes of death mortality and global 
health estimates. WHO report. 

Davila DG, Williams DE. (1993) The etiology of lung 
cancer. Mayo Clin. Proc. 68: 170-182. 

O’Byrne KJ, Dalgleish AG. (2001) Chronic immune 
activation and inflammation as the cause of malignancy. 
Br J Cancer. 85: 473-483. 

Hanahan D, Weinberg RA. (2000) The Hallmarks of 
Cancer. Cell. 100: 57-70. 

Virchow R. (1863) Aetologie der neoplastichen 
Geschwulste/Pathogenie der neoplastischen 
Geschwulste. In Die Krankhaften Geschwulste. Berlin, 
Germany: Verlag von August Hirschwald. 57-101. 
Evans R, Alexander P. (1972) Role of macrophages in 
tumour immunity. I. Co-operation between macrophages 
and lymphoid cells in syngeneic tumour immunity. 
Immunology. 23: 615-626. 

Underwood JC. (1974) Lymphoreticular infiltration in 
human tumours: prognostic and biological implications: 
areview. Br J Cancer. 30: 538-548. 

van der Woude CJ, Kleibeuker JH, Jansen PL, Moshage 
H. (2004) Chronic inflammation, apoptosis and (pre-) 
malignant lesions in the gastrointestinal tract. Apoptosis. 
9: 123-130. 

Hussain SP, Amstad P, Raja K, Ambs S, Nagashima 
M, et al. (2000) Increased p 53 mutation load in non- 
cancerous colon tissue from ulcerative colitis: a cancer- 
prone chronic inflammatory disease. Cancer Res. 60: 
3333-3337. 

Kirkegard J, Mortensen FV, Cronin-Fenton D. (2017) 
Chronic Pancreatitis and Pancreatic Cancer Risk: A 
Systematic Review Am J 


Gastroenterol. 9: 1366-1372. 


Tafuri A, Ditonno F, Panunzio A, Gozzo A, Porcaro AB, 


and Meta-analysis. 


et al. (2021) Prostatic Inflammation in Prostate Cancer: 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


Protective Effect or Risk Factor? Uro. 1: 54-59. 
Waldner MJ, Neurath MF. (2009) Colitis-associated 


cancer: the role of T cells in tumor development. Semin 
Immunopathol. 31: 249-256. 

Nickoloff BJ, Ben-Neriah Y, Pikarsky E. (2005) 
Inflammation and cancer: is the link as simple as we 
think? J Invest Dermatol. 124(6): 10-14. 

Mantovani A, Allavena P, Sica A, Balkwill F. (2008) 
Cancer-related inflammation. Nature. 454: 436-444. 
Dvora KHF. (1986) Tumors: wounds that do not heal. 
Similarities between tumor stroma generation and wound 
healing. N Engl J Med. 315: 1650-1659. 

Guerra C, Schuhmacher AJ, Cafiamero M, Grippo PJ, 
Verdaguer L,et al. (2007) Chronic pancreatitis is 
essential for induction of pancreatic ductal 
adenocarcinoma by K-Ras oncogenes in adult mice. 
Cancer Cell. 11: 291-302. 

de Visser KE, Eichten A, Coussens LM. (2006) 
Paradoxical roles of the immune system during cancer 
development. Nat Rev Cancer. 6: 24-37. 

Lin WW, Karin M. (2007) A cytokine-mediated link 
between innate immunity, inflammation, and cancer. J 
Clin Invest. 117: 1175-1183. 

Smyth MJ, Dunn GP, Schreiber RD. (2006) Cancer 
immuno-surveillance and immuno-editing: the roles of 
immunity in suppressing tumor development and 
shaping tumor immunogenicity. Adv Immunol. 90: 1-50. 
Bacchetta R, Gambineri E, Roncarolo MG. (2007) Role 
of regulatory T cells and FOXP3 in human diseases. J 
Allergy Clin Immunol. 120: 227-235. 

Murdoch C, Muthana M, Coffelt SB, Lewis CE. (2008) 
The role of myeloid cells in the promotion of 
tumorangiogenesis. Nat Rev Cancer. 8: 618-631. 

Bui JD, Schreiber RD. (2007) Cancer 


immuno- 


surveillance, immune-editing and inflammation: 
independent or interdependent processes? Curr Opin 
Immunol. 19: 203-208. 

Swann JB, Vesely MD, Silva A, Sharkey J, Akira S, et 
al. (2008) Demonstration of inflammation-induced 
cancer and cancer immuno-editing during primary 
tumorigenesis. Proc Natl Acad Sci USA. 105: 652-656. 


Sica A, Allavena P, Mantovani A. (2008) Cancer related 


www.acquirepublications.org/JCRMH 


12 


Journal of Case Reports and Medical History 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


inflammation: the macrophage connection. Cancer Lett. 
267: 204-215. 

Condeelis J, Pollard JW. (2006) Macrophages: obligate 
partners invasion, and 
metastasis. Cell. 124: 263-266. 


Berg DJ, Davidson N, Kuhn R, Muller W, Menon S, et 


for tumor cell migration, 


al. (1996) Enterocolitis and colon cancer in interleukin- 
10-deficient mice are associated with aberrant cytokine 
production and CD4(+) TH1-like responses. J Clin 
Invest. 98: 1010-1020. 

Swann JB, Smyth MJ. (2007) Immune surveillance of 
tumors. J Clin Invest. 117: 1137-1146. 

Roberts SJ, Ng BY, Filler RB, Lewis J, Glusac EJ, et al. 
(2007) Characterizing tumor-promoting T cells in 
chemically induced cutaneous carcinogenesis. Proc Natl 
Acad Sci USA. 104: 6770-6775. 

Hanada T, Kobayashi T, Chinen T, Saeki K, Takaki H, 
et al. (2006) IFN gamma dependent spontaneous 
development of colorectal carcinomas in SOCS1- 
deficient mice. J Exp Med 203: 1391-1397. 

De Nardo DG, Barreto JB, Andren P, Vasquez L, Tawfik 
D, et al. (2009) CD4 (+) T cells regulate pulmonary 
metastasis of mammary carcinomas by enhancing pro- 
tumor properties of macrophages. Cancer Cell. 16: 91- 
102. 

Dostert C, Petrilli V, Van Bruggen R, Steele C, Mossman 
BT. (2008) Innate immune activation through Nalp 3 
inflammasome sensing of asbestos and silica. Science. 
320: 674-677. 

Andreu P, Johansson M, Affara NI, Pucci F, Tan T, et al. 
(2010) FcR gamma activation regulates in inflammation- 
associated squamous carcinogenesis. Cancer Cell. 17: 
121-134. 

Aggarwal BB, Shishodia S, Sandur SK, Pandey MK, 
Sethi G. (2006) Inflammation and cancer: how hot is the 
link? Biochem Pharmacol. 72: 1605-1621. 

Robinson SC, Coussens LM. (2005) Soluble mediators 
of inflammation during tumor development. Adv Cancer 
Res. 93: 159-187. 

Fridlender ZG, Sun J, Kim S, Kapoor V, Cheng G, et al. 
(2009) Polarization of tumor-associated neutrophil 


phenotype by TGF-beta: “N1” versus“N2” TAM. Cancer 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


Khatami M. (2011) Unresolved inflammation: ‘immune 


Cell. 16: 183-194. 


tsunami’ or erosion of integrity in immune-privileged 
and immune-responsive tissues and acute and chronic 
inflammatory diseases or cancer. Expert Opin Biol Ther. 
11: 1419-1432. 

Mantovani A, Schioppa T, Porta C, Allavena P, Sica A. 
(2006) Role of tumor-associated macrophages in tumor 
progression and invasion. Cancer Metastasis Rev. 25: 
315-322. 

Hoesel B, Schmid JA. (2013) The complexity of NF-«B 
signaling in inflammation and cancer. Molecular Cancer. 
12: 86. 

Babior BM. (2000) Phagocytes and oxidative stress. Am 
J Med. 109: 33-44. 

Closa D, Folch-Puy E. (2004) Oxygen free radicals and 
the systemic inflammatory response. IUBMB. Life. 56: 
185-191. 

Kwak MK, Kensler TW. (2010) Targeting NRF 2 
signaling for cancer chemoprevention. Toxicol Appl 
Pharmacol. 244: 66-76. 

Marnett LJ, Riggins JN, West JD. (2003) Endogenous 
generation of reactive oxidants and electrophiles and 
their reactions with DNA and protein. J Clin Invest. 111: 
583-593. 

Marnett LJ. (2000) Oxyradicals and DNA damage. 
Carcinogenesis. 21: 361-370. 

Valko M, Rhodes CJ, Monco J, Izakovic M, Mazur M. 
(2006) Free radicals, metals an antioxidants in oxidative 
stress-induced cancer. Chem Biol Interact. 160: 1-40. 
Zouki C, Lozset L, Ouellet S, Paquette Y, Filep JG. 
(2001) Peroxynitrite mediates cytokine-induced IL-8 
gene expression and production by human leykocytes. J 
Leukoc Biol. 69: 815-824. 

Nathan C. (2003) Specificity of a third kind: reactive 
oxygen and nitrogen intermediates in cell signaling. J 
Clin Invest. 111(6):769-778. 

Valko M, Leibfritz D, Moncol J, Cronin MTD, Mazu, M, 
et al. (2007) Free radicals and antioxidant in normal 
physiological function and human disease. Int J Biochem 
Cell Biol. 39: 44-84. 

Sies H, Cadenas E. (1985) Oxidative stress: damage to 


www.acquirepublications.org/JCRMH 


13 


Journal of Case Reports and Medical History 


49. 


50. 


51. 


22. 


23: 


54. 


D2: 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


intact cells and organs. Philos Trans R Soc Lond B Biol 
Sci. 311: 617-631. 

Karin M. (2006) Nuclear factor-kappa B in cancer 
development and progression. Nature. 441: 431-436. 
Naugler WE, Karin M. (2008) NF-kappa B and cancer 
identifying targets and mechanisms. Curr Opin Genet 
Dev. 18: 19-26. 

Sethi G, Shanmugam MK, Ramachandran L, Kumar AP, 
Tergaonkar V. (2012) Multifaced link between cancer 
and inflammation. 32: 1-15. 

Yeung ML, Jeang KT. (2011) MicroRNAs and cancer 
therapeutics. Pharm Res. 12: 3043-3049. 

Gabrilovich DI, Nagaraj S. (2009) Myeloid-derived 
suppressor cells as regulators of the immune system. Nat 
Rev Immunol. 9: 162-174. 

Grivennikov SI, Greten FR, Karin M. (2010) Immunity, 
Inflammation, and Cancer Cell. 6: 883-899. 

Becker C, Fantini MC, Schramm C, Lehr HA, Wirtz S, 
et al. (2004) TGF-beta suppresses tumor progression in 
colon cancer by inhibition of IL-6 trans-signaling. 
Immunity. 21: 491-501. 

Grivennikov S, Karin E, Terzic J, Mucida D, Yu GY, et 
al. (2009) IL-6 and Stat3 are required for survival of 
intestinal epithelial cells and development of colitis- 
associated cancer. Cancer Cell. 15: 103-113. 

Hedvat M, Huszar D, Herrmann A, Gozgit JM, 
Schroeder A. (2009) The JAK2 Inhibitor AZD1480 
Potently Blocks Stat3 Signaling and Oncogenesis in 
Solid Tumors. Cancer Cell.16: 487-497. 

Gao SP, Mark KG, Leslie K, Pao W, Motoi N, et al. 
(2007) Mutations in the EGFR kinase domain mediate 
STAT3 activation via IL-6 production in human lung 
adenocarcinomas. J Clin Invest. 117: 3846-3856. 

Sethi G, Sung B, Aggarwall BB. (2008) TNF: a master 
switch for inflammation to cancer. Front Biosci. 13: 
5094-5107. 

Balkwill F. (2009) Tumor necrosis factor and cancer. Nat 
Rev Cancer. 9: 361-371. 

Balkwill F, Coussens LM. (2004) Cancer: an 
inflammatory link. Nature. 431: 405-406. 

Balkwill F. (2002) Tumor necrosis factor or tumor 


promoting factor? Cytokine Growth Factor Rev. 13: 135- 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


Esquivel-Velazquez M, Ostoa-Saloma P, Palacios- 


Arreola MI, Nava-Castro KE, Castro JI, et al. (2015). 


141. 


The role of cytokines in breast cancer development and 
progression. J Interf Cytokine Res. 1: 1-16. 

Leibovich SJ, Polverini PJ, Shepard HM, Wiseman DM, 
Shively V, et al. (1987) Macrophage-induced 
angiogenesisis mediated by tumour necrosis factor- 
alpha. Nature. 329: 630-632. 

Rosen EM, Goldberg ID, Liu D, Setter E, Donovan MA, 
et al. (1991) Tumor necrosis factor stimulates epithelial 
tumor cell motility. Cancer Res. 51: 5315-5321. 
Balkwill F. (2006) TNF-a in promotion and progression 
of cancer. Cancer Metastasis Rev. 25: 409-416. 

Rossi S, Cordella M, Tabolacci C, Nassa G, D’ Arcangelo 
D. (2018). TNF-alpha and metalloproteases as key 
players in melanoma cells aggressiveness. J Exp Clin 
Cancer Res. 1:326. 

Tan W, Luo X, Li W, Zhong J, Cao J, et al. (2019). TNF- 
alpha is a potential therapeutic target to overcome 
sorafenib resistance in hepatocellular carcinoma. 
EBioMedicine. 40: 446-456. 

Han YF, Zhao J, MaLY, Yin JH, Chang WJ, et al. (2011) 
Factors predicting occurrence and prognosis of hepatitis- 
B-virus-related hepatocellular carcinoma. World J 
Gastroenterol. 38: 4258-4270. 

Aggarwal BB. (2003) Signaling pathways of the TNF 
superfamily: a double-edged sword. Nat Rev Immunol. 
3: 745-756. 

Bent R, Moll L, Grabbe S, Bros M. (2018) Interleukin-1 
beta-a friend or foe in malignancies? Int J Mol Sci. 19(8): 
2155. 

Malik A, Kanneganti TD. (2018). Function and 
regulation of IL-lalpha in inflammatory diseases and 
cancer. Immunol Rev. 1: 124-137. 

Apte RN, Krelin Y, Song X, Dotan S, Recih E. (2006) 
Effects of micro-environment- and malignant cell- 
derived interleukin-lin carcinogenesis, tumour 
invasiveness and tumour-host interactions. Eur J Cancer 
(Oxford, England: 1990). 6: 751-759. 

Zhou W, Guo S, Gonzalez-Perez RR. (2011) Leptin pro- 


angiogenic signature in breast cancer is linked to IL-1 


www.acquirepublications.org/JCRMH 


14 


Journal of Case Reports and Medical History 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


signaling. Br J Cancer. 1: 128-137. 

Vidal-Vanaclocha F, Fantuzzi G, Mendoza L, Fuentes 
AM, Anasagasti MJ. (2000). IL-18 regulates IL- 
lbetadependent hepatic melanoma metastasis via 
vascular cell adhesion molecule-1. Proc Natl Acad Sci U 
S A. 2: 734-739. 

Han TS, Voon DC, Oshima H, Nakayama M, Echizen K. 
(2019) Interleukin 1 up-regulatesmicroRNA135b_ to 
promote inflammation-associated gastric carcinogenesis 
in mice. Gastroenterology. 4: 1140-1155. 

Wolf JS, Chen Z, Dong G, Sunwooj B, Bancroft CC, et 
al. (2001) IL (interleukin)-1o promotes nuclear factor-k 
B and AP-1-induced IL-8expression, cell survival, and 
proliferation in head and neck squamous cell carcinomas. 
Clin Cancer Res. 7: 1812-1820. 

Dinarello CA. (2014) An expanding role for interleukin- 
1 blockade from gout to cancer. Mol Med. (Cambridge, 
Mass). 1: $43-58. 

Voronov E, Dinarello CA, Apte RN. (2018) Interleukin- 
lalpha as an intracellular alarmin in cancer biology. 
Semin Immunol. 38: 3-14. 

Garlanda C, Dinarello CA, Mantovani A. (2013) The 
interleukin-lfamily: back to the future. Immunity. 6: 
1003-1018. 

Huang FY, Chan AO, Rashid A, Wong DK, Seto WK. 
(2016). Interleukin-1beta increases the risk of gastric 
cancer through induction of aberrant DNA methylation 
in a mouse model. Oncol. Lett. 4: 2919-2924. 
Shigematsu Y, Niwa T, Rehnberg E, Toyoda T, Yoshida 
S. (2013) Interleukin-lbeta induced by Helicobacter 
pylori infection enhances mouse gastric carcinogenesis. 
Cancer Lett. 1:141- 147. 

Jung YJ, Isaacs JS, Lee S, Trepel J, Neckers L. (2003) 
IL-1B-mediated up-regulation of HIF- la via an NFk 
B/COX-2 pathway identifies HIF-las a critical link 
between inflammation and oncogenesis. FASEB J. 17: 
2115-2117. 

Carmi Y, Dotan S, Rider P, Kaplanov I, White MR. 
(2013) The role of IL-lbeta in the early tumor cell- 
induced angiogenic response. J Immunol. (Baltimore, 
Md: 1950). 7: 3500-3509. 

Saijo Y, Tanaka M, Miki M, Usui K, Suzuki T. (2002) 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 


Pro-inflammatory cytokine IL-1 beta promotes tumor 


growth of Lewis lung carcinoma by induction of 
angiogenic factors: in vivo analysis of tumor-stromal 
interaction. J Immunol. (Baltimore, Md: 1950). 1: 469- 
475 

Voronov E, Shouval DS, Krelin Y, Cagnano E, 
Benharroch D. (2003) IL-1 is required for tumor 
invasiveness and angiogenesis. Proc Natl Acad Sci U S 
A. 5: 2645-2650. 

Tu S, Bhagat G, Cui G, Takaishi S, Kurt-Jones EA, et al. 
(2008). Overexpression of inter- leukin-lbeta induces 
gastric inflammation and cancer and mobilizes myeloid- 
derived suppressor cells in mice. Cancer Cell. 5: 408- 
419. 

Tulotta C, Ottewell P. (2018) The role of IL-1B in breast 
cancer bone metastasis. Endocr Relat Cancer. 7: R421- 
R434. 

Zaynagetdinov R, Sherrill TP, Gleaves LA, McLoed AG, 
Saxon JA. (2015). 


Interleukin-5 facilitates lung 


metastasis by modulating the immune 
microenvironment. Cancer Res. 8:1624- 1634. 

Lee EJ, Lee SJ, Kim S, Cho SC, Choi YH, et al. (2013) 
Interleukin-5 enhances the migration and invasion of 
bladder cancer cells via ERK1/2-mediated MMP-9/NF- 
kappaB/AP-1 pathway: involvement of the p21WAF1 
expression. Cell Signal. 10: 2025-2038. 

Kaminska K, Czarnecka AM, Escudier B, Lian F, 
Szezylik C. (2015) Interleukin-6 as an emerging 
regulator of renal cell cancer. Urol Oncol. 11: 476-485. 
Francescone R, Hou V, Grivennikov SI. (2015) 
Cytokines, IBD, and colitis-associated cancer. Inflamm 
Bowel Dis. 2: 409-418. 

Song Z, Ren D, Xu X. Wang Y. (2018) Molecular 
crosstalk of IL-6 in tumors and new progress in 
combined therapy. Thorac Cancer. 6: 669-675. 

Hong DS, Angelo LS, Kurzrock R. (2007) Interleukin-6 
and its receptor in cancer: implications for translational 
therapeutics. Cancer. 110: 1911-1928. 

Tsukamoto H, Fujieda K, Senju S, Ikeda T, Oshiumi H, 
et al. (2018). Immune-suppressive effects of interleukin- 


6 on T-cell-mediated anti-tumor immunity. Cancer Sci. 


3: 523-530. 


www.acquirepublications.org/JCRMH 


15 


Journal of Case Reports and Medical History 


96. Rath T, Billmeier U, Waldner MJ, Atreya R, Neurath 
MF. (2015) From physiology to disease and targeted 
therapy:  interleukin-6 in inflammation and 
inflammation-associated carcinogenesis. Arch Toxicol. 
4: 541-554. 

97. Unver N, McAllister F. (2018) IL-6 family cytokines: 
key inflammatory mediators as biomarkers and potential 
therapeutic targets. Cytokine Growth Factor Rev. 41: 10- 
17. 

98. Kitamura H, Ohno Y, Toyoshima Y, Ohtake J, Homma 
S, et al. (2017). Interleukin-6/STAT3 signaling as a 
promising target to improve the efficacy of cancer 
immunotherapy. Cancer Sci. 10: 1947-1952. 

99. Masjedi A, Hashemi V, Hojjat-Farsangi M, Ghalamfarsa 
G, Azizi G, et al. (2018) The significant role of 
interleukin-6 and its signaling pathway in the immuno- 
pathogenesis and treatment of breast cancer. Biomed 
Pharmacother. 108:1415-1424. 

100.Xu J,Ye Y, Zhang H, Szmitkowski M, Makinen MJ, et 
al. (2016) Diagnostic and prognostic value of serum 
interleukin-6 in colorectal cancer. Medicine (Baltimore). 
2: 2502. 

101.Kosmopoulos M, Christofides A, Drekolias D, Zavras 
PD, Gargalionis AN, et al. (2018) Critical role of IL-8 
targeting in gliomas. Curr Med Chem. 17: 1954-1967. 

102. Yung MM, Tang HW, Cai PC, Leung TH, Ngu S. (2018). 
GRO-alpha and IL-8 enhance ovarian cancer metastatic 
potential via the CXCR2-mediated TAK1/NFkappaB 
signaling cascade. Theranostics. 8(5): 1270-1285. 

103.Sharma I, Singh A, Siraj F, Saxena S. (2018) IL- 
8/CXCR1/2 signaling promotes tumor cell proliferation, 
invasion and vascular mimicry in glioblastoma. J 
Biomed Sci. 25: 62. 

104.Zheng T, Ma G, Tang M, Li Z, Xu R. (2018) IL-8 
Secreted from M2 macrophages promoted prostate 
tumorigenesis via STAT3/MALAT1 pathway. Int J Mol 
Sci. 1. 

105.Fu S, Chen X, Lin HJ, Lin J. (2018) Inhibition of 
interleukin 8/CX-C chemokine receptor 1, /2 signaling 
reduces malignant features in human pancreatic cancer 
cells. Int J Oncol. 1: 349-357. 

106.Shimizu M, Tanaka N. (2019) IL-8-induced O-GlcNAc 


modification via GLUT3 and GFAT regulates cancer 


stem cell-like properties in colon and lung cancer cells’ 
Oncogene. 9: 1520- 1533. 

107.Fei M, Guan J, Xue T, Qin L, Tang C, et al. (2018) 
Hypoxia promotes the migration and invasion of human 
hepatocarcinoma cells through the HIF-lalpha-IL-8-Akt 
axis. Cell Mol Biol Lett. 23: 46. 

108.Ning Y, Feng W, Cao X, Ren K, Quan. (2019) Genistein 
inhibits stemness of SKOV3 cells induced by 
macrophages cocultured with ovarian cancer stem-like 
cells through IL-8/ STAT3 axis. J Exp Clin Cancer Res. 
1: 19. 

109.Kawano M, Tanaka K, Itonaga I, Iwasaki T, Tsumura H. 
(2018) Interaction between human osteosarcoma and 
mesenchymal stem cells via an interleukin-8 signaling 
loop in the tumor microenvironment. Cell Commun 
Signal. 1:13. 

110.Waugh DJ, Wilson C. (2008) The interleukin-8 pathway 
in cancer. Clin Cancer Res. 14(21): 6735-6741. 

111.Kobayashi S, Teramura M, Oshimi K, Mizoguchi H. 
(1994) Interleukin-11. Leuk Lymphoma. 15(1-2): 45-49. 

112.Yang SM, Li SY, Hao-Bin Y, Lin-Yan X, Sheng X. 
(2019) IL-1lactivated by Inc-ATB promotes cell 
proliferation and invasion in esophageal squamous cell 
cancer. Biomed Pharmacother. 114: 108835. 

113.Lay V, Yap J, Sonderegger S, Dimitriadis E. (2012) 
Interleukin 11 regulates endometrial cancer cell adhesion 
and migration via STATS. Int J Oncol. 2: 759-764. 

114.Perera PY, Lichy JH, Waldmann TA, Perera LP. (2012) 
The role of interleukin-15 in inflammation and immune 
responses to infection: implications for its therapeutic 
use. Microbes Infect. 3: 247-261. 

115.Gupta R, Yan XJ, Barrientos J, Kolitz JE, Allen SL, et al. 
(2018). Mechanistic insights into CpG DNA and IL-15 
synergy in promoting B cell chronic lymphocytic 
leukemia clonal expansion. J Immunol (Baltimore, Md: 
1950). 5: 1570-1585. 

116.Zenobia C, Hajishengallis G. (2000) Basic biology and 
role of interleukin-17 in immunity and inflammation. 
Periodontol. 2000. 1: 142-159. 

117.Asarch A, Barak O, Loo DS, Gotlieb AB. (2008) Th17 


cells: a new therapeutic target in inflammatory derma- 


www.acquirepublications.org/JCRMH 


16 


Journal of Case Reports and Medical History 


-toses. J Dermatol. 19: 318-326. 

118.Wang R, Lou X, Feng G, Chen J, Zhu L. (2019) IL- 
17Astimulated endothelial fatty acid beta-oxidation 
promotes tumor angiogenesis. Life Sci. 229: 46-56. 

119.Lv Q, Wu K, Liu F, Wu W, Chen Y, et al. (2018) 
Interleukin17A and heparanase promote angiogenesis 
and cell proliferation and invasion in cervical cancer. Int 
J Oncol. 4: 1809-1817. 

120.Langowski JL, Zhang X, Wu L, Mattson JD, Chen T, et 
al. (2006) IL-23 promotes tumour incidence and growth. 
Nature. 442: 461-465. 

121.Kortylewski M, Xin H, Kujawski M, Lee H, Liu Y, et al. 
(2009) Regulation of the IL-23 and IL-12 balance by 
Stat3 signaling in the tumor microenvironment. Cancer 
Cell. 15: 114-123. 

122.Trinchieri G, Pflanz S, Kastelein RA. (2003) The IL-12 
family of heterodimeric cytokines: new players in the 
regulation of T cell responses. Immunity. 19: 641-644. 

123.Shime H, Yabu M, Akazawa T, Kodama K, Matsumoto 
M, et al. (2008) Tumor-secreted lactic acid promotes IL- 
23/IL-17 pro-inflammatory pathway. J Immunol. 180: 
7175-7183. 

124.Wang J, Yao Y, Zhang Q, Li S, Tang L. (2019) 
Inflammatory responses induced by Helicobacter pylori 
on the carcinogenesis of gastric epithelial GES 1 cells. Int 
J Oncol. 6: 2200-2210. 

125.Li J, Lau G, Chen L, Yuan YF, Huang J, et al. (2012) 
Interleukin 23 promotes hepatocellular carcinoma 
metastasis via NF-kappa B- induced matrix 
metalloproteinase 9 expression. PLoS One. 9: e46264. 

126.Miller AM. (2011) Role of IL-33 in inflammation and 
disease. J Inflamm (Lond). 8: 22. 

127.Zhang J, Chen Y, Chen K, Huang Y, Xu X, et al. (2019) 
IL-33 drives the antitumour effects of dendritic cells via 
up regulating CYLD expression in pulmonary 
adenocarcinoma. Artif Cells Nanomed Biotechnol. 1: 
1335-1341. 

128.Zhang JF, Wang P, Yan YJ, Li Y, Guan MW, et al. 
(2017) IL 33 enhances glioma cell migration and 
invasion by up regulation of MMP2 and MMP%9 via the 
ST2-NF-kappa B pathway. Oncol Rep. 4: 2033-2042. 

129.Li Y, Shi J, Qi S, Zhang J, Peng D, et al. (2018) IL-33 


facilitates proliferation of colorectal cancer dependent on 
COX2/PGE2. J Exp Clin Cancer Res. 37: 196. 
130.Liu X, Hansen DM, Timko NJ, Zhu Z, Ames A. (2019) 


Association between interleukin 33 and ovarian cancer. 
Oncol Rep. 2: 1045-1050. 

131.Levina V, Nolen BM, Marrangoni AM, Cheng P, Marks 
JR, et al. (2009) Role of eotaxin-1 signaling in ovarian 
cancer. Clin Cancer Res. 15(8): 2647-2656. 

132.Tian M, Chen L, Ma L, Wang D, Shao B, et al. (2016) 
Expression and prognostic significance of CCL11/CCR3 
in glioblastoma. Oncotarget. 7(22): 32617-32627. 

133.0’ Connell RM, Rao DS, Baltimore D. (2012) 
MicroRNA regulation of inflammatory responses. Annu 
Rev Immunol. 30: 295-312. 

134.Campbell LM, Maxwell PJ, Waugh DJ. (2013) Rationale 
and means to target pro-inflammatory interleukin-8 
(CXCL8) signaling in cancer. Pharmaceutical. 8: 929- 
959. 

135.Charo IF, Ransohoff RM. (2006) The many roles of 
chemokine receptors in inflammation. N Engl J Med. 
354: 610-621. 

136.Sen R, Baltimore D. (1986) Multiple nuclear factors 
interact with the immuno-globulin enhancer sequences. 
Cell. 46(5): 705-716. 

137.May MJ, Ghosh S. (1998) Signal transduction through 
NF-kappa B. Immunol Today. 19(2): 80-88. 

138.Caamafio J, Hunter CA. (2002). NF-kappaB family of 
transcription factors: central regulators of innate and 
adaptive immune functions. Clin Microbiol Rev. 15: 
414-429. 

139.Xia Y, Shen S, Verma IM. (2014) NF-«B, an active 
player in human cancers Cancer. Immunol Res. 9: 823- 
830. 

140.May MJ, Ghosh S. (1997) Rel/NF-kappaB and I Kappa 
B proteins: an overview. Semin Cancer Biol. 8(2): 63-73. 

141.Karin M, Greten FR. (2005) NF-kappaB: linking 
inflammation and immunity to cancer development and 
progression. Nat Rev Immunol. 10: 749-759. 

142.de Visser KE, Coussens LM. (2006) The inflammatory 
tumor microenvironment and its impact on cancer 
development. Contrib Microbiol. 13:118-137. 

143.Hoesel B, Schmid JA. (2013) The complexity of NF 


www.acquirepublications.org/JCRMH 


17 


Journal of Case Reports and Medical History 


-«B signaling in inflammation and cancer. Molecular 
Cancer. 12: 86. 

144.Pahl HL. (1999) Activators and target genes of Rel/NF- 
kB transcription factors. Oncogene. 18: 6853-6866. 

145.Bonizzi G, Karin M. (2004) The two NF-kappaB 
activation pathways and their role in innate and adaptive 
immunity. Trends Immunol. 6: 280-288. 

146.Schetter AJ, Okayama H, Harris CC. (2012). The role of 
microRNAs in colorectal cancer. Cancer J. 18: 244-252. 

147.Aggarwal BB. (2004) Nuclear factor-Kappa B: the 
enemy within. Cancer Cell. 6(3): 203-208. 

148.Anto RJ, Mukhopadhyay A, Shishodia S, Gairola CG, 
Aggarwall BB. (2002) Cigarette smoke condensate 
activates nuclear transcription factor-kappa B through 
phosphorylation and degradation of I kappaB (alpha): 
correlation with induction of cyclooxygenase-2. 
Carcinogenesis. 23(9): 1511-1518. 

149.Karin M, Greten FR. (2005) NF-kappaB: linking 
inflammation and immunity to cancer development and 
progression. Nat Rev Immunol. 5: 749-759. 

150.Luo JL, Kamata H, Karin M. (2005) IKK/NF-kappaB 
signaling: balancing life and death-a new approach to 
cancer therapy. J Clin Invest. 115: 2625-26372. 

151.Li Q, Withoff S, Verma IM. (2005) Inflammation- 
associated cancer: NF-kappaB is the lynchpin. Trends 
Immunol. 26: 318-325. 


ACQUIRE PUBLICATIONS Volume 3 Issue 3 


152.Tanaka T, Kohno H, Suzuki R, Yamada Y, Sugie S, et al. 


(2003) A novel inflammation-related mouse colon 
carcinogenesis model induced by azoxymethane and 
dextran sodium sulfate. Cancer Sci. 94: 965-973. 

153.Greten FR, Eckmann L, Greten TF, Park JM, Li ZW, et 
al. (2004) IK Kbeta links inflammation and tumorigenesis 
in a mouse model of colitis-associated cancer’ Cell. 118: 
285-296. 

154.Pikarsky E, Porat RM, Stein I, Abramovitch R, Amit S, 
et al. (2004) NF-kappa B functions as a tumour promoter 
in inflammation-associated cancer. Nature. 431: 461- 
466. 

155.Luo JL, Maeda S, Hsu LC, Yagita H, Karin M. (2004) 
Inhibition of NF-kappaB in cancer cells converts 
inflammation-induced tumor growth mediated by TNF 
alpha to TRAIL- mediated tumor regression. Cancer 
Cell. 3: 297-305. 

156.Zhou Q, Haupt S, Kreuzer JT, Hammitzsch A, Proft F, et 
al. (2015) Decreased expression of miR-146a and miR- 
155 contributes to an abnormal Treg phenotype in 
patients with rheumatoid arthritis. Ann Rheum Dis. 6: 
1265-1274. 

157.Tang T, Wong HK, Gu W, Mei-yungb Y, To K-F. (2013) 
MicroRNA-182 plays an oncomiRNA role in cervical 
cancer. Gynecol Oncol. 1: 199-208. 


www.acquirepublications.org/JCRMH 


18 


